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Abstract

Mycotherapy recently arose in medicine for their health properties. Medicinal mushrooms seem
to be useful for immune system modulation and preclinical data show cytotoxicity against breast
cancer cells. In this paper, we describe case report of a woman affected by triple-negative breast
cancer who used Inonotus obliquus and Ganoderma lucidum during her treatment.
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Introduction

The mycotherapy has been successfully used in Asian countries for thousands of years, but
in the last decade its use is increasing also in Western medicine, due to its nutritional and health
properties, and lately even in integrative oncology [1]. Mushroom extracts contain polysaccharides
or polysaccharide-protein complexes, which can modulate the non-specific immune system,
displaying an antitumor activity, even in addition to chemotherapeutic regimens [2,3]. These
properties are mainly recognized in edible mushrooms such as Ganoderma Lucidum (Reishi), Grifola
frondosa (Maitake), Schizophyllum commune (Split Gill) and Inonotus Obliquus (Chaga) [4-10].
Recent studies have highlighted the potential activity against cancer cells of the Inonotus obliquus
extracts, containing terpenes/terpenoids, peptides, sterols, polyphenols and polysaccharides, some
of which show a strong cytotoxicity against mouse and human breast cancer cell lines [11,12].
Polysaccharides extracted from Inonotus obliquus exhibit potential anti-cancer effects through
an antioxidation activity and immune system stimulation [13,14]. Moreover, Inonotus obliquus
extracts show in vitro inhibitor and pro-apoptotic effects against colon cancer and hepatic tumors
[15,16]. Despite these preliminary evidences, studies confirming beneficial effects of this mushroom
in the clinical setting are still lacking. In our study, we report the first case of successful use of
Inonotus obliquus in a 49 years old female patient affected by triple-negative breast cancer, which
shows an aggressive behavior and a unique molecular profile [17]. This report could pave the path
to a broader clinical use of medical mushrooms in this particular subset of breast cancer patients,
whose therapeutic options are currently limited and deeply related to immune system modulation.

Case Presentation

A 49 years old female Caucasian patient was recruited at the Center for Integrative Oncology of
Gemelli University Polyclinic Foundation IRCCS in Rome.

The patient was affected by an invasive ductal carcinoma of the left breast, grade 3. The results
of immunohistochemistry analysis showed a triple negative cancer with a high proliferation index
(Ki67 55%).

The patient underwent aleft breast mastectomy plus axillary dissection followed by chemotherapy
regimen, consisting of 6 cycles of Carboplatin and Paclitaxel. At pathologic examination, the lesion
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was 1 cm, 9 cm in size, while 1 out of 8 lymph nodes removed were
positive. No evidence of distant metastasis was found at systemic
evaluation through CT scan.

Protocol

Following chemotherapy, and after six days from the beginning
of her radiation therapy on residual breast, the patient followed
our integrative protocol, including two medicinal mushrooms
extracts for one month. The first medication is a syrup containing
Ganoderma lucidum (Reishi) concentrated extract, the second is a
drink containing Inonotus obliquus (Chaga) extract, equivalent to 0%,
125% of fresh mushroom. The patient had to take Reishi at the dose of
10 ml after breakfast and Chaga at the dose of 20 ml after lunch. The
treatment was very well tolerated and no side effect recorded.

For the present study, the patient underwent blood analyses,
including Serum Protein Electrophoresis (SPE), liver enzymes
(Aspartate aminotransferase (AST/GOT), Alanine aminotransferase
(ALT/GPT), and gamma-Serum Gamma-Glutamyl-Transferase
(GGT)), Erythrocyte Sedimentation Rate (ESR), C-Reactive Protein
(CRP) and Alkaline Phosphatase (ALP). These tests were performed
at time zero, before the beginning of integrative therapy, and after 30
days.

Results

After one month of medicinal mushrooms were observed a
decrease in ESR value, from 16 mm at TO to 11 mm at T1 and CRP
value from 4 mg/L, 7 mg/L at TO to 2 mg/L, 4 mg/L at T1 and a
slight improvement in SPE despite the fact that patient was receiving
radiation therapy at that time (Graph 1 and 2). All the blood values
including SPE are reported in supplemental materials.

Discussion

Medicinal mushrooms have been used in traditional Chinese
medicine for a large variety of human diseases during the last two
thousand years [18]. Mushroom extracts contain a variety of nutritive
substances such as polysaccharides (glucans), sesquiterpenes,
glycoproteins, peptide/protein-bound polysaccharide, vitamins,
amino acids and other organic compounds, which seem to confer
health benefits on human beings [1]. The beneficial effects of these
molecules are linked to numerous biological properties: They are
able to modulate immune system, inhibit cancer growth, function
as radical scavengers, detoxify the organism and contribute to
cell renewal [2,3,19]. For these reasons, the attention of scientific
community toward medical mushrooms is increasing in recent years
and has lately been focused on fungal polysaccharides, because they
display an immunomodulatory and anticancer activity and seem to
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Graph 1: Erythrocyte Sedimentation Rate (ESR value decrease from 16 mm
at TOto 11 mm at T1).
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Graph 2: C-Reactive Protein (CRP value decrease from 4 mg/L, 7 mg/L at
TOto 2 mg/L, 4 mg/L at T1).

prevent cancer metastasis [19].

In a case report, Cheuk et al. [20] described the regression of a
gastric large B-Cell lymphoma in a 47 years old man, who had taken
high doses of Ganoderma lucidum (Lingzhi). The authors supposed
an immunomodulatory effect, due to Ganoderma lucidum intake,
through cytotoxic T cells host-immune response.

Recent studies have highlighted the anticancer activity of
Ganoderma lucidum extracts in breast cancer: In particular, they
seem to be able to improve tumor control in combination with
Paclitaxel in a murine breast cancer model [6]. In addition, Barbieri
et al. [5] demonstrated that Ganoderma lucidum extracts have anti-
inflammatory and anticancer properties in triple-negative breast
cancer and melanoma cell lines. Martinez et al. [21] reported that
Ganoderma lucidum inhibits cell invasion, decreases the gene
expression involved in cancer cell survival, proliferation and invasion
in inflammatory breast cancer cells. Another study found that
Ganoderma lucidum extracts show an anti-cancer activity towards
triple negative Breast Cancer Stem Cells (BCSCs) through the down-
regulation of the STAT3 pathway [22].

Moreover, Ganoderma lucidum extracts were shown able to
inhibit the release of IL-8, IL-6, matrix metalloproteinase-2 and
9 (MMP-2 and MMP-9), exerting anti-inflammatory and anti-
metastatic actions in melanoma and triple-negative breast cancer
cells, under pro-inflammatory conditions [5].

A few researches have highlighted the anti-inflammatory effect
and anticancer activity of Inonotus obliquus (Chaga) extracts. The
anti-inflammatory properties seem to be due to the suppression
of nitric oxide, the inhibition of cyclooxygenase-2 expression in
macrophages and the reduction of oxidative stress in lymphocytes
[23-25]. Moreover, some compounds extracted from Chaga may
exhibit a strong cytotoxic effect in mouse and human cancer cell lines
and in human prostatic and breast carcinoma cell lines [12,23].

In another study, extracts from Inonotus obliquus inhibited the
proliferation of human colon cancer cell lines, probably by promoting
apoptosis and suppressing cancer growth through the up-regulation
of proapoptotic proteins [15].

To the best of our knowledge, no other paper in the past studied
in vivo effects of Inonotus obliquus on a breast triple negative cancer
patient during oncological treatments.

In the present report, we have studied the effects of two types of
medicinal mushrooms Ganoderma lucidum and Inonotus obliquus in
a triple negative breast cancer patient, following chemotherapy and
during her radiation therapy protocol.
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In our case, after a brief period of integrative treatment (one
month) and despite the low dosages employed, we observed a
stabilization of transaminases, a slight improvement in serum
protein electrophoresis and a significant reduction in inflammatory
markers (ESR and CRP), even during the radiation therapy, which is
a recognized cause of systemic and local inflammation.

Both tolerance and adherence to the protocol were excellent
and no side effects were reported by the patient. Our experience
confirms the literature observations reported so far, which suggests
that integrative evidence based treatments, including medicinal
mushrooms, represent a promising approach in cancer patients, in
combination with conventional therapies, in order to reduce side
effects and improve quality of life.

Conclusion

This study represents an isolated case-report, with several
limitations on the clinical interpretation of the results; nevertheless,
the optimal tolerance to the treatment with mushrooms, together
with their confirmed anti-inflammatory effect, even in a breast cancer
patient affected by an aggressive subtype such as a triple negative,
might suggest further investigations in this direction, focusing on
longer periods of treatments, higher dosages and extended follow-up.

References

1. Rossi P, Difrancia R, Quagliariello V, Savino E, Tralongo P, Randazzo
CL, et al. B-glucans from Grifola frondosa and Ganoderma lucidum in
breast cancer: An example of complementary and integrative medicine.
Oncotarget. 2018;9(37):24837-56.

2. Lindequist U, Niedermeyer THJ, Wolf-Dieter J. The Pharmacological
potential of mushrooms. Evid Based Complement Alternat Med.
2005;2(3):285-99.

3. Wasser SP. Medicinal mushroom science: Current perspectives, advances,
evidences, and challenges. Biomed J. 2014;37(6):345-56.

4. Mahajna],DotanN, Zaidman BZ, Petrova RD, Wasser SP. Pharmacological
values of medicinal mushrooms for prostate cancer therapy: The case of
Ganoderma lucidum. Nutr Cancer. 2009;61(1):16-26.

5. Barbieri B, Quagliariello V, Del Vecchio V, Falco M, Luciano A, Amruthraj
NJ, et al. Anticancer and anti-inflammatory properties of Ganoderma
Lucidum. Extract effects on melanoma and triple-negative breast cancer
treatment. Nutrients. 2017;9(3):210.

6. SuJ,LiD,ChenQ,LiM,SuL,LuoT,etal. Anti-breast cancer enhancement
of a polysaccharide from spore of ganoderma lucidum with paclitaxel:
Suppression on tumor metabolism with gut microbiota reshaping. Front
Microbiol. 2018;9:3099.

7. HeY, Zhang L, Wang H. The biological activities of the antitumor drug
Grifola frondosa polysaccharide. Prog Mol Biol Transl Sci. 2019;163:221-
61.

8. Zhang Y, Kong H, Fang Y, Nishinan K, Phillips GO. Schizophyllan: A
review on its structure, properties, bioactivities and recent development.
Bioact Carbohydr Diet Fiber. 2013;1(1):53-71.

9. Mizuno T, Zhuang C, Abe K, Okamoto H, Kiho T, Ukai S, et al. Antitumor
and hypoglycemic activities of polysaccharides from the sclerotia and
mycelia of Inonotus obliquus (Pers.:Fr.) Pil. (Aphyllophoromycetideae).
Int ] Med Mushrooms. 1999;1(4):301-16.

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

0.

1.

2.

3.

4.

5.

6.

7.

8.

9.

0.

—_

38}

3.

4.

w

Balandykin ME, Zmitrovich IV. Review on chaga medicinal mushroom,
inonotus obliquus (higher basidiomycetes): Realm of medicinal
applications and approaches on estimating its resource potential. Int ] Med
Mushrooms. 2015;17(2):95-104.

Liu C, Zhao C, Pan HH, Kang J, Yu XT, Wang HQ, et al. Chemical
constituents from Inonotus obliquus and their biological activities. ] Nat
Prod. 2014;77(1):35-41.

Zhao F, Xia G, Chen L, Zhao J, Xie Z, Qiu F, et al. Chemical constituents
from Inonotus obliquus and their antitumor activities. ] Nat Med.
2016;70(4):721-30.

Song Y, Hui J, Kou W, Xin R, Jia F, Wang N, et al. Identification of
Inonotus obliquus and analysis of antioxidation and antitumor activities
of polysaccharides. Curr Microbiol. 2008;57(5):454-62.

Song FQ, Liu Y, Kong XS, Chang W, Song G. Progress on understanding
the anticancer mechanisms of medicinal mushroom: inonotus obliquus.
Asian Pac J Cancer Prev. 2013;14(3):1571-8.

Lee SH, Hwang HS, Yun JW. Antitumor activity of water extract of a
mushroom, Inonotus obliquus, against HT-29 human colon cancer cells.
Phytother Res. 2009;23(12):1784-9.

Youn MJ, Kim JK, Park SY, Kim Y, Kim SJ, Lee JS, et al. Chaga mushroom
(Inonotus obliquus) induces GO/G1 arrest and apoptosis in human
hepatoma HepG2 cells. World ] Gastroenterol. 2008;14(4):511-7.

Anders C, Carey LA. Understanding and treating triple-negative breast
cancer. Oncology (Williston Park). 2008;22(11):1233-9.

Cheng S, Sliva D. Ganoderma lucidum for cancer treatment: we are close
but still not there. Integr Cancer Ther. 2015;14(3):249-57.

Popovi¢ V, Zivkovi¢ ], Davidovi¢ S, Stevanovi¢ M, Stojkovi¢ D.
Mycotherapy of cancer: an update on cytotoxic and antitumor activities
of mushrooms, bioactive principles and molecular mechanisms of their
action. Curr Top Med Chem. 2013;13(21):2791-806.

Cheuk W, Chan JK, Nuovo G, Chan MK, Fok M. Regression of gastric
large B-Cell lymphoma accompanied by a florid lymphoma-like T-cell
reaction: Immunomodulatory effect of Ganoderma lucidum (Lingzhi)? Int
J Surg Pathol. 2007;15(2):180-6.

. Martinez-Montemayor MM, Acevedo RR, Otero-Franqui E, Cubano LA,

Dharmawardhane SF. Ganoderma lucidum (Reishi) inhibits cancer cell
growth and expression of key molecules in inflammatory breast cancer.
Nutr Cancer. 2011;63(7):1085-94.

. Rios-Fuller TJ, Ortiz-Soto G, Lacourt-Ventura M, Maldonado-Martinez

G, Cubano LA, Schneider RJ, et al. Ganoderma Lucidum Extract (GLE)
impairs breast cancer stem cells by targeting the STAT3 pathway.
Oncotarget. 2018;9(89):35907-21.

MalL, Chen H, Dong P, Lu X. Anti-inﬂammatory and anticancer activities
of extracts and compounds from the mushroom Inonotus obliquus. Food
Chem. 2013;139(1-4):503-8.

Park YM, Won JH, Kim YH, Choi JW, Park HJ, Lee KT. In vivo and in vitro
anti-inflammatory and anti-nociceptive effects of the methanol extract of
Inonotus obliquus. ] Ethnopharmacol. 2005;101(1-3):120-8.

. Najafzadeh M, Reynolds PD, Baumgartner A, Jerwood D, Anderson D.

Chaga mushroom extract inhibits oxidative DNA damage in lymphocytes
of patients with inflammatory bowel disease. Biofactors. 2007;31(3-4):191-
200.

Remedy Publications LLC.

2020 | Volume 3 | Issue 1 | Article 1017


https://www.ncbi.nlm.nih.gov/pubmed/29872510
https://www.ncbi.nlm.nih.gov/pubmed/29872510
https://www.ncbi.nlm.nih.gov/pubmed/29872510
https://www.ncbi.nlm.nih.gov/pubmed/29872510
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1193547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1193547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1193547/
https://www.ncbi.nlm.nih.gov/pubmed/25179726
https://www.ncbi.nlm.nih.gov/pubmed/25179726
https://www.ncbi.nlm.nih.gov/pubmed/19116872
https://www.ncbi.nlm.nih.gov/pubmed/19116872
https://www.ncbi.nlm.nih.gov/pubmed/19116872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372873/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372873/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372873/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372873/
https://www.frontiersin.org/articles/10.3389/fmicb.2018.03099/full
https://www.frontiersin.org/articles/10.3389/fmicb.2018.03099/full
https://www.frontiersin.org/articles/10.3389/fmicb.2018.03099/full
https://www.frontiersin.org/articles/10.3389/fmicb.2018.03099/full
https://www.ncbi.nlm.nih.gov/pubmed/31030750
https://www.ncbi.nlm.nih.gov/pubmed/31030750
https://www.ncbi.nlm.nih.gov/pubmed/31030750
https://www.sciencedirect.com/science/article/abs/pii/S2212619813000053
https://www.sciencedirect.com/science/article/abs/pii/S2212619813000053
https://www.sciencedirect.com/science/article/abs/pii/S2212619813000053
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,541026cc01c467e3,3b27577f0e4e1ae1.html
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,541026cc01c467e3,3b27577f0e4e1ae1.html
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,541026cc01c467e3,3b27577f0e4e1ae1.html
http://www.dl.begellhouse.com/journals/708ae68d64b17c52,541026cc01c467e3,3b27577f0e4e1ae1.html
https://www.ncbi.nlm.nih.gov/pubmed/25746615
https://www.ncbi.nlm.nih.gov/pubmed/25746615
https://www.ncbi.nlm.nih.gov/pubmed/25746615
https://www.ncbi.nlm.nih.gov/pubmed/25746615
https://www.ncbi.nlm.nih.gov/pubmed/24359303
https://www.ncbi.nlm.nih.gov/pubmed/24359303
https://www.ncbi.nlm.nih.gov/pubmed/24359303
https://www.ncbi.nlm.nih.gov/pubmed/27180084
https://www.ncbi.nlm.nih.gov/pubmed/27180084
https://www.ncbi.nlm.nih.gov/pubmed/27180084
https://www.ncbi.nlm.nih.gov/pubmed/18795365
https://www.ncbi.nlm.nih.gov/pubmed/18795365
https://www.ncbi.nlm.nih.gov/pubmed/18795365
https://www.ncbi.nlm.nih.gov/pubmed/23679238
https://www.ncbi.nlm.nih.gov/pubmed/23679238
https://www.ncbi.nlm.nih.gov/pubmed/23679238
https://www.ncbi.nlm.nih.gov/pubmed/19367670
https://www.ncbi.nlm.nih.gov/pubmed/19367670
https://www.ncbi.nlm.nih.gov/pubmed/19367670
https://www.ncbi.nlm.nih.gov/pubmed/18203281
https://www.ncbi.nlm.nih.gov/pubmed/18203281
https://www.ncbi.nlm.nih.gov/pubmed/18203281
https://www.ncbi.nlm.nih.gov/pubmed/18980022
https://www.ncbi.nlm.nih.gov/pubmed/18980022
https://www.ncbi.nlm.nih.gov/pubmed/25626896
https://www.ncbi.nlm.nih.gov/pubmed/25626896
https://www.ncbi.nlm.nih.gov/pubmed/24083788
https://www.ncbi.nlm.nih.gov/pubmed/24083788
https://www.ncbi.nlm.nih.gov/pubmed/24083788
https://www.ncbi.nlm.nih.gov/pubmed/24083788
https://www.ncbi.nlm.nih.gov/pubmed/17478779
https://www.ncbi.nlm.nih.gov/pubmed/17478779
https://www.ncbi.nlm.nih.gov/pubmed/17478779
https://www.ncbi.nlm.nih.gov/pubmed/17478779
https://www.ncbi.nlm.nih.gov/pubmed/21888505
https://www.ncbi.nlm.nih.gov/pubmed/21888505
https://www.ncbi.nlm.nih.gov/pubmed/21888505
https://www.ncbi.nlm.nih.gov/pubmed/21888505
https://www.ncbi.nlm.nih.gov/pubmed/30542507
https://www.ncbi.nlm.nih.gov/pubmed/30542507
https://www.ncbi.nlm.nih.gov/pubmed/30542507
https://www.ncbi.nlm.nih.gov/pubmed/30542507
https://www.ncbi.nlm.nih.gov/pubmed/23561137
https://www.ncbi.nlm.nih.gov/pubmed/23561137
https://www.ncbi.nlm.nih.gov/pubmed/23561137
https://www.ncbi.nlm.nih.gov/pubmed/15905055
https://www.ncbi.nlm.nih.gov/pubmed/15905055
https://www.ncbi.nlm.nih.gov/pubmed/15905055
https://www.ncbi.nlm.nih.gov/pubmed/18997282
https://www.ncbi.nlm.nih.gov/pubmed/18997282
https://www.ncbi.nlm.nih.gov/pubmed/18997282
https://www.ncbi.nlm.nih.gov/pubmed/18997282

	Title
	Abstract
	Introduction
	Case Presentation
	Results
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2

